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a  b  s  t  r  a  c  t
On  average,  farm  units  in  the  EU  countryside  are  developing  within  the  globalization  process  to  an  ever
increasing  physical  and  operational  size.  Within  the last  three  decades,  Dutch  dairy  farm  holdings  have
increased  their  physical  size  by  a factor  of  3. This  ongoing  process  can  also  be  observed  in  other  Western
European  countries.  For  Dutch  dairy  farming  we  explored  the  effects  of future  enlargement  of  physical
and  operational  size  from  a transportation  viewpoint.  We  focused  on  external  farm-bound  trafﬁc  ﬂows
with trucks  and  on internal  ﬂows  with  agricultural  vehicles  within  the  farm  holding  as far  as  these
vehicles  traveled  on  public  minor  roads.  We  modeled  3 situations  for future  dairy  farming  in a  ﬁctitious
area  called  ‘polder’:  10 “Family  Farms”  (10  farm  units  each  consisting  of  85  ha  and  120  dairy  cows);
and  2  “Cowmunities”  (1 central  farm  building,  1200  dairy  cows  and  10 parcels  of 85 ha  each).  Both
Cowmunities  differ  in  their  land  layout:  10 scattered  parcels  (the  Cowmunity)  versus  a  concentration  of
these  parcels  in one  area  around  a central  farm  building  (the  Cowmunity  plus).  In  both  Cowmunities,  we
found  a modest  reduction  of  truck travel  on minor  public  roads  for external  trafﬁc.  This reduction  was
enabled  by  more  efﬁcient  freight  transport  to  larger  farm  holdings.  Contrary  to this  ﬁnding  are  the  results
for  internal  trafﬁc  with  agricultural  vehicles  on these  holdings.  Longer  distances  between  ﬁeld  parcels
and  central  farm  buildings  in the Cowmunities  cause  a considerable  growth  of volumes  and  kilometers
traveled  by  agricultural  vehicles  on  public  roads. This  heavy  trafﬁc  will likely  conﬂict  with other  road
users  in  the  countryside  and  further  increase  existing  road  safety  problems  involving  agricultural  vehicles.
Unfortunately,  these  impacts  can only  partly  be  reduced  by an  optimal  land  lay-out  of  the  holding  with
a  concentration  of  ﬁeld  parcels  near  the  central  farm  building  as in  Cowmunity  plus.  To  improve  this
situation,  a two-pronged  approach  needs  to be taken  that carefully  locates  central  farm  buildings  and
adapts  the  network  of  minor  rural  roads  to avoid  “clashes”  between  agricultural  and  other  road  users.
© 2013 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V.. Introduction
In Western Europe, rural areas have historically been connected
ith agriculture. Because of this, agricultural land use has deter-
ined the layout of large parts of the present network of minorural roads.1 It is then not surprising that research on internal and
xternal farm-bound rural trafﬁc has quite a history. Early Euro-
ean examples are Klempert’s study of the role of paved roads [2],
∗ Corresponding author. Tel.: +31 317 412234; fax: +31 317 419000.
E-mail addresses: rinus.jaarsma@kpnmail.nl (R. Jaarsma), tia.hermans@wur.nl
T. Hermans), willem.rienks@rom3d.nl (W.  Rienks), jasper.devries@wur.nl
J. de Vries).
1 Many minor rural roads stem from Roman times and some even from pre-Roman
imes. These roads developed independent of agriculture but were later absorbed
nto the current network of minor rural roads [1].
573-5214/$ – see front matter ©  2013 Royal Netherlands Society for Agricultural Scienc
ttp://dx.doi.org/10.1016/j.njas.2013.03.003 All rights reserved.
Seuster’s analysis of actual agricultural transport patterns [3] and
Flach’s examination of trip generation by Dutch dairy farms [4].
A year after the publication of Flach, a special session at the 1967
Congress of the International Commission of Agricultural Engineer-
ing (CIGR) focused on the prospects and evolution of agricultural
transport and trafﬁc on rural roads [5]. More recently, the rela-
tionship between agriculture and the rural road network has been
illustrated in several studies. Skrinskas et al. [6] have investigated
the implementation of road improvement programs in rural areas.
Jaarsma and van Dijk [7] and Moya et al. [8] have proposed methods
to ﬁnance and manage the system of minor rural roads. Gulinck and
Pauwels [9] have shown changes in agricultural transport caused
by road improvement, ﬁeld consolidation and farm relocation by
modeling trafﬁc generation for 3 existing farms with arable crops
in a central Belgian loess area, and lastly, Rienks et al. [10] have
created the model approach of a ﬁctitious polder area to predict
es. Published by Elsevier B.V. All rights reserved.
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he trafﬁc generation for the future situation of Dutch dairy farm-
ng.
Today farm operations in the EU continue to develop to an ever
ncreasing physical and operational size [11–13]. As a consequence
f this scaling up, agricultural-bound trafﬁc ﬂows on public roads
n the countryside are rapidly changing and ‘clashing’ with a simi-
arly increasing ﬂow of non-farming road users with a mix  of trafﬁc
odalities. These clashes have raised trafﬁc safety concerns for
oth farmers [14] and other road users in these areas [15–17]. To
mprove road safety, timely measures need to be taken to adapt the
etwork of public roads to these ever increasing trafﬁc ﬂows and
ixed modalities [18]. To accomplish this, policy makers and trans-
ortation planners need a more quantitative insight into changing
gricultural-bound trafﬁc ﬂows and their consequences in areas
ith increasing scale of operations.
Dairy farming in the Netherlands is an example of agricul-
ural production on a continuously increasing scale of operations,
oth physically and operationally. While farm statistics from the
etherlands show a 67% reduction in the number of agricultural
oldings from 67,000 in 1980 to 22,000 in 2006 [19], statistics on
and utilization show that most land of former holdings is still used
or agriculture since it has been added to the remaining holdings.
espite this reduction of holdings and subsequent land consol-
dation, the combined milk production level of all Dutch dairy
arms has remained stable. Since the 1984 introduction of the milk
uota in the EU, a continually decreasing number of Dutch dairy
arms produce roughly the same amount of milk as in 1984: about
0.8 × 109 kg per year. Consequently, while the number of farms
as decreased in the last three decades, the scale of farm holdings
expressed by area size or production level) has roughly increased
y a factor of 3. This is an on-going development: in 2020, only
0,000 holdings are expected to remain in the Netherlands from
2,000 holdings in 2006 [19].
Using the Netherlands as a case study, we aim to explore how the
ngoing enlargement of both physical and operational scale affects
ransportation for dairy farming. First, we place the enlargement
f physical size in an historical perspective. This is followed by our
odeling approach, based on farm logistics and focusing on the
eneration of farm-bound rural trafﬁc ﬂows with trucks and agri-
ultural vehicles on public roads. We  then critically examine and
valuate our model ﬁndings within the context of interactions with
ther developments in the rural area.
. Developments in physical size and logistics
In this section, we ﬁrst illustrate with statistical data the
nlargement process of physical size between 1980 and 2010 in
utch farming and more speciﬁcally in Dutch dairy farming. Next,
e show that from 1990 to 2007, similar developments appear
or dairy farming in other Western European countries. Finally, we
laborate on the role of logistics in dairy farming on a larger physical
ize.
.1. Enlargement of physical size in farming and dairy farming in
he Netherlands
The acreage of cultivated land is steadily decreasing in the
etherlands. This also applies to the total acreage of agricultural
oldings with crop production and cattle. Fig. 1 (left panel) shows
his decline from 1980 to 2010 (in indices relative to 1990 = 100).
he development of the number of farms (total, crop and cattle)
s similarly rendered. From the graph it can be concluded that the
umber of farms in the Netherlands is declining more sharply than
he corresponding acreage of land. As a result, the remaining agri-
ultural holdings are experiencing an enlargement of physical size.l of Life Sciences 64– 65 (2013) 67– 75
This has also been elaborated on in Fig. 1 (right panel) for dairy
farming as part of cattle farming in indices relative to 1990.
Fig. 1 (right panel) shows that the total dairy farm acreage
slightly declined from 1980 to 2010 from index 102 to 94 (approx-
imately 106,000 ha absolute). In the same period, the number of
dairy farm holdings strongly declined from approximately 67,000
in 1980 and 47,000 (=100) in 1990 to 19,800 in 2010. Consequently,
the average farm size increased by slightly more than a factor of 3
from 19.9 ha (index 72) to 62.2 ha (index 224; this value does not
ﬁt within the scale). The ﬁgure also shows a rather constant deliv-
ery of milk to the factory, indicating that the remaining farms took
over the production of the defunct farms. Moreover, this constant
production was  achieved with increasingly fewer cows since milk
production per cow strongly rose from 4625 kg in 1980 (index 77)
to 7919 kg in 2010 (index 132). This is an increase of 71% [20].
We compared these developments in the Netherlands with
other West European countries using Eurostat data from 1990,
1995, 2000, 2005 and 2007 (the last year that the data is avail-
able) for Belgium (B), Denmark (DK), France (F), Italy (I) and the
United Kingdom (UK). These countries have an annual milk quota
(in 109 kg) of 3461 (B); 4705 (DK); 25,231 (F); 10,879 (I) and 15,241
(UK). The Dutch quota is 11,765 × 109 kg [21]. We  describe this
comparison in detail in the supplementary data, where we  show
that the developments in dairy farming in the Netherlands are
similar to those in West Europe.
2.2. Enlargement of scale and logistics
Milk production generates external and internal agricultural
farm trafﬁc. In this section we explore this by describing the
transportation consequences for an expanding dairy farm’s most
relevant logistics, i.e., the operations for milking, manure handling
and silage. These activities usually generate external agricultural
farm trafﬁc as the farm vehicles, usually trucks, travel to the out-
side world to do business. These trucks have become larger and
heavier in the last decades, which comes with both an advantage
and a disadvantage. While using larger trucks has led to fewer truck
movements, they dominate the road and other road users much
more than their predecessors did. In addition to trucks, agricultural
contractors form another principle component of external agricul-
tural trafﬁc. These contractors and their specialized machines are
usually used on multiple farms. When these large and imposing
machines (Fig. 2) move from one holding to another, they typically
have to travel long distances on public roads and may  encounter
many other road users as they do.
Internal agricultural trafﬁc occurs between the farm buildings
and the land that belongs to the holding and between the different
farm parcels. This trafﬁc is usually related to farm activities such
as transporting fodder, manure or fertilizer, or carrying out ﬁeld
activities. On smaller holdings where the land surrounds the farm
building, internal trafﬁc can mostly or even fully be contained on
the farm land without using public roads. On larger holdings, how-
ever, the land is not always behind or around the farm buildings
but detached so that farm trafﬁc must use public roads to access
the farm’s parcels. Enlargement of physical size is then forcing an
increasingly larger part of the transport between the farm building
and land to occur on public roads.
An enlargement of physical scale also causes an enlargement of
operational size, and as such, it also inﬂuences the size of agricul-
tural equipment. Tractors and machines are becoming increasingly
larger, wider and faster so that they can transport more in one inter-
nal trip on large holdings [22]. These large machines reduce not only
the amount of work time but also the number of trips per hectare
between farm building and land. Since these larger vehicles make
less trips, they also reduce the agricultural trafﬁc on public roads.
R. Jaarsma et al. / NJAS - Wageningen Journal of Life Sciences 64– 65 (2013) 67– 75 69
Fig. 1. Agriculture in the Netherlands, 1980–2010 (1990 = 100; in brackets the corresponding absolute value). Left panel: acreage and number of holdings (total, arable and
cattle  farming). Right panel: details for dairy farming only (acreage and number of holdings, mean acreage per holding, milk production per cow, total production at factory
and  number of dairy cows). From 2005 onwards, 4c values are out of scale and are given numerically.
Source: [20].
Fig. 2. Special machinery for grassland care on dairy farms shown driving on public roads. Left panel: tractor with manure tank (photo: Rik OldeLoohuis, ROM3D). Right
panel:  self-propelled manure injector (photo: Hero Dijkema, Cumela).
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Sig. 3. The ﬁctitious polder with 3 schematically represented situations: (a) Famil
airy  cows and 10 parcels of 85 ha each); (c) Cowmunity+ (as in (b), but now the pa
ource: [10].
. Method: exploration of future developments by
odeling
In the previous section, we showed that dairy farming in the
etherlands and other West European countries is being subjected
o a considerable enlargement of physical and operational size, and
his process does not seem to be at its end. We  explore how these
ontinuous developments impact transportation by comparing in
ne area the most important external and internal transportation
ows for three spatially different farm holding conﬁgurations. To
odel current farm-bound trafﬁc ﬂows for these farms, we used
alculations in the literature and additional expert judgment about
ractical farm production levels per hectare, on the volumes and
orking-widths of farm machines, and on the volumes of milk
rucks. The calculations have been made in a spreadsheet model,
nd the results have been mapped using GIS.
Following Rienks et al. [10], we use a ﬁctive area of 5 by 8 km
4000 ha) surrounded by water and fully organized for and occu-
ied by agricultural land use. We  label this area ‘polder’. The polder
as only public minor rural roads with one central access point to
 main road network. It is assumed that all fodder is cultivated in
he polder and that all manure is deposited there. In our model,
e assume that fodder and manure are transported with agricul-
ural vehicles. Fig. 3 shows the ﬁctitious polder for the three farm
ituations.
The ﬁrst situation (a) represented is Family Farm (FF) with 10
airy farm holdings, each covering 85 ha and having 120 dairy cows.
he second situation (b) is a farm, for which the name Cowmunity
COW) was introduced in [10]. COW is one large dairy farm holding
ith 1200 dairy cows concentrated in one farm building in the mid-
le of the polder and with 10 85-ha plots spread out over the polder.
he third situation (c) is Cowmunity plus (COW+). COW+ is the same
s COW, but the land of COW+ is parceled out near the central farm
ig. 4. Annual number of trips with trucks in the ﬁctitious polder for the situation with (a
anel).
ource: [10]. (10 farms, 85 ha and 120 dairy cows each); (b) Cowmunity (1 central farm, 1200
are optimized and concentrated into one).
building rather than being spread over the polder. Neither of the
Cowmunities practices grazing and each stalls its cows year round.
The situation FF projects the size of a future family-farm enter-
prise based on the current situation in the Netherlands for the
middle-long time frame (2020). Compared with the average farm
in the Netherlands in 2010, FF in Fig. 3a is 1.4 times larger. Both
Cowmunities present the situation for the same time frame (2020)
in which larger dairy farm holdings have been more sharply scaled
up.
4. Results
In this section we show the model ﬁndings for external and
internal farm-bound trafﬁc, followed by an overview of the results.
The current farm-bound trafﬁc ﬂows are modeled as accurately as
possible. However, our main focus is not on exact absolute levels
but on a comparison of the three situations.
4.1. Model ﬁndings for external trafﬁc: trip generation by trucks
A truck comes to FF 3 times a week to collect milk. A truck also
brings or picks up concentrates, artiﬁcial fertilizer, cattle or special
required materials on FF twice a month [10]. Based on frequency,
the majority of truck trafﬁc is related to milk transport, which uses
large modern trucks.
When a milk truck goes to FF for a milk pick up, it is only partially
ﬁlled. Per trip, a milk truck visits two or three FFs in the polder to
obtain a full load. This means that truck trafﬁc is scattered to all
10 FFs before it becomes concentrated on the road to the polder’s
access point, where the intensity of the truck trafﬁc is the highest.
On average, 600 trucks annually come to the polder and pick up
milk, and about 240 trucks come there for other transport reasons.
This results in a yearly total of 840 trucks. These trucks annually
) Family Farms (left panel); (b) Cowmunity (middle panel); (c) Cowmunity+ (right
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ravel about 5000 km in the polder since the average distance from
he polder’s access point to the 10 farms is 3 km one way.
In comparison to FF,  a milk truck comes daily to COW and COW+
nd takes away a full tank of milk. Additionally, about 140 trucks
ith concentrates, cattle, and artiﬁcial fertilizer come to these
arms each year. The truck trafﬁc for these farms is concentrated
etween the Cowmunity’s farm and the main road. The load on
his section of road is about 500 trucks annually. Because the cen-
ral farm is located in the middle of the polder at 2 km from the
ccess point, the number of vehicle kilometers covered by truck
rafﬁc in the polder is approximately 2000 km per year.
Fig. 4 shows the yearly number of truck trips for external trafﬁc.
or land-bound dairy farms it can be concluded that the enlarge-
ent of the scale of operation sharply reduces the number of truck
rips and kilometers on the rural roads in the polder. In COW and
OW+, the same massive trucks are used as in FF,  but since fewer
arms have to be visited, the transport of milk and concentrate is
ore efﬁcient.
.2. Model ﬁndings for internal trafﬁc: trip generation by
gricultural vehicles
.2.1. General approach
The following factors are used to calculate the internal trafﬁc
t a dairy farm: the transport of feed, fertilizer and/or manure and
he different ﬁeld activities. The feedstuffs (grass and maize) are
rought from the land to the farm, and manure and fertilizer are
ransported in the opposite direction. The ﬁeld work for grassland
ncludes spreading manure or fertilizer, mowing, turning, tedding
nd raking. For fodder crops cultivated in arable farming (maize,
odder beets or grains), the ﬁeld work involves plowing, tilling, sow-
ng, spraying and/or mechanically weeding, and ﬁnally harvesting.
n practice, several contiguous parcels are processed together [23].
hen we measure processing time in half days, a cluster of 5–10 ha
an be processed between breakfast and lunch. The processing rate
epends on the type of processing, for instance, plowing requires
ore time per hectare than turning and tedding grass. On average,
0 ha of grassland can be processed per half day. For maize, grain
nd fodder beets, the processing rate is lower. On average, a clus-
er of 7 ha can be processed per half day [24]. Processing parcels
nd transporting grass, maize and manure between the farm and
he farmlands is done by tractor. To determine a dairy farm’s inter-
al trafﬁc, we ﬁrst calculate the number of round trips per hectare
or transport (fertilizing and forage harvesting) and the number of
ound trips for ﬁeld work. Then we determine whether these trips
re made over the farmer’s own land or over public roads.
.2.2. Internal trafﬁc for transportation of fodder and manure
For fertilization, the Belgian Soil Service [25] states that each
ectare of farmland receives an average of 50–70 m3 of slurry per
ear. The slurry is transported with a 10–12 m3 fertilizer tank [26],
esulting in 4.5–6 round trips per hectare. To harvest grass or grain,
bout 2.5–3 round trips are needed per hectare, using a 40 m3 silage
agon with an 18-ton carrying capacity [24]. Accordingly, the aver-
ge number of round trips for fertilizing and harvesting on a Dutch
airy farming amounts to 7–9 round trips per hectare. Our calcu-
ations follow Rienks et al. [10] with 8 trips. For FF of 85 ha, this
eans 680 round trips per year. For COW and COW+ this number is
enfold: 6800 round trips per year.
Here it should be noted that the number of trips for fodder
nd manure transport will be lower with grazing because grazing
ows bring their manure to the ﬁeld and get their fodder there
s well. With grazing, roughly one-quarter of the grass harvest
nd the manure does not need to be transported. This reduces the
umber of trips by approximately 1 or 2 per hectare of grassland.
owever, grazing has limiting factors [27]. It is only practical onl of Life Sciences 64– 65 (2013) 67– 75 71
well-partitioned parcels that are a short distance from the central
farm (maximum 1.5 km)  and with a relatively small herd (less than
110 cows). For these reasons, grazing can be applied only to FF and
not to COW and COW+. In FF’s practice, the more distant parcels on
the plot will hardly be used or not used at all for grazing while it
is actually these parcels that cause public roads to be used. Conse-
quently, the number of trips over a public road will hardly decline
or will not decline because of grazing on FFs.
4.2.3. Internal trafﬁc for ﬁeld work
In addition to transport, round trips are also needed for the
above mentioned ﬁeld work. For high productivity grassland, 5 cuts
can be harvested per year in the Netherlands [28]. This amounts to
at least 30 round trips between the farm building and the clus-
ter of plots during harvesting season. Assuming 10 ha per cluster,
3 round trips with processing machines occur per hectare of high
productivity grassland.
For arable farming of fodder cultivation (maize, beets or grains),
the number of processings depends on the weed level. However, the
number of trips is lower for fodder cultivation than it is for grass-
lands since fodder is harvested only once. For fodder cultivation, we
maintain about 5–7 round trips per cluster of plots. Different fac-
tors are inﬂuenced by the type of processing but especially by the
speed and the working width of the machines. When 7 processings
are assumed per cluster, this amounts to 1 round trip on average
between the farm building and the parcel per hectare of cultivated
land during harvesting season.
In the Netherlands, the average grassland farm consists of 80%
grassland and 20% arable farmed fodder cultivation. This average
has a weighted number of 2.6 round trips per hectare for agricul-
tural machine trafﬁc for processing. For FF of 85 ha, this amounts
to more than 220 return trips per year. With such a high number
of trips, it is advantageous to keep the more intensive productions
that demand several trips closer to the farm building. This means
that the grassland, especially the grassland near the farm building,
will be cultivated while arable farmed fodder cultivation will take
place at the most distance parcels. However, other factors such as
soil suitability also play a role in whether these distant parcels will
be used as arable land. Because such speciﬁc conditions do not lend
themselves to a general model, we do not consider their effect in
this study.
4.2.4. Transportation on public roads
When the farm building is located directly on the plot, such as
in FF,  a large part of the transport occurs on the farmer’s own prop-
erty. The public road is then used only for parcels that are located
the farthest away. We  have assumed that this roughly concerns
about 20 of the 85 ha and approximately 25% of the movements
on FF.  For COW with a central farm building, much more land is
located relatively further away, and this increases the number of
tractor trips over the public roads. This increase can be mitigated by
shortening the distances between farm building and parcels. How-
ever, improving the parceling in COW+ will only partially reduce the
increase of the extra load on the roads caused by tractors. While the
concentration of plots shortens travel distances, the central farm
building on these large farms is still located at a distance from
most plots. On COW and COW+, a peak load will then occur near
the central farm. This is especially true during the fertilizing period
(February) and at harvesting time for grass (May-August) and for
maize (September–October).
Fig. 5 schematically shows the expected loads on the virtual
polder’s public roads from tractors bringing manure and picking up
feed, and the accompanying activities for both. The number of trac-
tor trips between the farm building and the land remains the same
in all cases. However, with the enlargement of physical size, the
distance between the farm building and the land becomes longer,
72 R. Jaarsma et al. / NJAS - Wageningen Journal of Life Sciences 64– 65 (2013) 67– 75
Fig. 5. Annual number of trips with agricultural vehicles on public roads in the ﬁctitious polder for the situation with (a) Family Farms (left panel); (b) Cowmunity (middle
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ource: adapted from [10].
nd the number of kilometers over the public road will increase
onsiderably. This increase, however, can be limited by optimizing
he farm’s parceling (cf. Fig. 5c and b). Still, a maximum concentra-
ion of plots cannot prevent that a considerable amount of tractor
ransport will occur on public roads.
.3. Results of modeling: overview and comments
In Table 1, we present an overview of the presumptions and the
esults of the model calculations on a yearly basis. We  also com-
ent on the consequences for the number of vehicle kilometers
nd the number of man-hours a driver of an agricultural vehicle
pends on public roads.
Enlargement of physical and operational size from FF to COW
r COW+ does sharply reduce the number of kilometers ridden by
rucks, but it also sharply increases the number of kilometers trav-
led by tractors. This increase also brings extra logistics costs, such
s man-hours, tractor maintenance and fuel. For example, assum-
ng a tractor speed of 40 km per hour on a public road [29], almost
300 extra man-hours will be spent on the road in COW as com-
ared to FF.  Thus, enlargement of both physical and operational
cale for dairy farm holdings logistically leads to a scale disadvan-
age. Moreover, inhabitants in the environs of farms will see more
ractors driving by their houses and experience problems such as
oise and physical hazards. Non-agricultural road users will also
xperience more hazards in these environs since peak loads with
ractors are expected on the roads near the central farm building of
OW and COW+. This will certainly occur at harvest and during fer-
ilization, when tractor trafﬁc at the farm gate is distinctly present
t the larger dairy farm in the Dutch landscape.
able 1
ummary of the results of 10 Family farms, one Cowmunity and one Cowmunity plus, a
eneration based on milk transport and internal trafﬁc generation based on animal manu
Family F
Farm characteristics
Number of dairy cows 1200 
Number of hectares 850 
Number of farms 10 
Annual  external trafﬁc generation
Freight trafﬁc trips accessing the polder (per year) 840 
Peak  load of freight trafﬁc (vehicles on access road section per year) 840 
Number of kilometers of freight trafﬁc (km per year) 5000 
Annual  internal trafﬁc generation
Tractor round trips (per year) 8980 
Number of tractor round trips over public roads (per year) 2110 
Tractor peak load (vehicles per road section per year) 475 
Number of tractor kilometers (km per year on public road) 3170 
Man-hours on public road (hours per year) 80 5. Discussion
In the context of international literature, we  brieﬂy relate our
ﬁndings to the realism of the simple model approach of agricultural
transport, logistic ‘brakes’ for enlargement of physical and opera-
tional scale, rural road safety, and transportation planning in the
context of a dual agricultural pathway in Europe.
5.1. Agriculture and transport in the ‘real landscape’
We  have used the ﬁctive polder as a model environment to
understand the development of trafﬁc ﬂows and driven kilome-
ters for trucks and agricultural vehicles. In practice, the conditions
will differ from farm to farm for several reasons, such as the mech-
anization and the size of farms in an area as well as the parceling,
grazing and cultivation possibilities of the plots. Other inﬂuences
are the constant technological innovations that have occurred and
that will possibly continue to occur to improve transport efﬁciency.
The general values applied in our model are based on common
practice in modern Dutch dairy farming. These values, however,
are adaptable for smaller/larger machinery or other production lev-
els. Working with one general ﬁgure for trafﬁc generation ﬁts for
a study like ours that compares three straightforward situations.
However, a more detailed model has to be developed to calculate
more precisely absolute levels in a ‘real landscape’ with a variety
of farms.
While farming is evolving in different ways, this paper con-
siders only dairy farming growing in scale. Although dairy farm
holdings with 1200 dairy cows do not currently exist in the actual
Dutch landscape, similar farms are not unthinkable in 2020. About
70 dairy farm holdings had more than 250 dairy cows in 2005. In
ll of which have a comparable number of dairy cows and hectares. External trafﬁc
re, fodder production and land processing.
arm (FF) Cowmunity (COW) Cowmunity plus (COW+)
1200 1200
850 850
1 1
500 500
500 500
2000 2000
8980 8980
8710 8710
4960 3590
53,860 17,950
1350 450
Journa
2
i
g
i
i
g
p
e
c
t
a
f
a
o
t
a
l
p
w
e
a
5
o
i
c
d
s
g
i
c
w
s
d
d
p
e
t
u
p
o
i
m
t
l
t
N
s
p
a
i
c
t
d
e
t
r
c
b
cR. Jaarsma et al. / NJAS - Wageningen 
020, however, it is expected that 750–1600 dairy farm holdings
n the Netherlands will have more than 250 cows [30]. A similar
rowth has already been seen for large-scale commercial farmers
n South-East England where persisting processes of concentration,
ntensiﬁcation and specialization were found [13]. These investi-
ations show that the enlargement of scale in dairy farming is a
rocess that is expected to continue in the coming years.
Transportation earns a prominent place in the spatial consid-
rations when developing locations for large-scale, land-bound,
attle farming. These considerations should include both internal
rafﬁc of agricultural vehicles and external trafﬁc, mostly trucks. In
n early stage of planning, relocating sharply scaling-up farms to
avorable locations will save society and the cattle farmer money
nd trouble in the long run.
Enlarging physical and operational size is also relevant for two
ther types of land-based agriculture: arable farming and horticul-
ure. Moreover, policy makers and planners for these sectors should
nticipate consequences for trafﬁc ﬂows, including the optimal
ocation for large-scale central farm buildings, while they consider
eak trafﬁc with agricultural vehicles there. Avoiding problems
ith road capacity and safety is better than repairing them. Consid-
ring this, we  plead for a modeling approach similar to the one
pplied to dairy farming.
.2. The role of logistics: acting as a brake on further enlargement
f scale?
In Section 2.1, we showed an enlargement of scale in dairy farm-
ng that has been occurring for decades. Economies of scale are
learly creating advantages in this sector. However, there are also
isadvantages to the enlargement of scale from an agro-logistic
tandpoint. For example, grazing is preferred because the cows can
et grass themselves and ‘bring’ manure to the ﬁeld, but grazing
s only practical in FF.  The loss of grazing in COW and COW+ is
onsidered a diseconomy of scale, as are the higher costs for extra
ork and diesel. These costs are clearly demonstrated in the model
tudy and are inherent in the travel times on the large disbursed
airy farm holdings; on large agricultural holdings, several hun-
red hours are spent on public roads and these are only indirectly
roductive. In practice, these diseconomies of scales could slow the
nlargement of scale.
From a logistics standpoint, short distances are preferred. When
he farm’s operational management allows individual parcels to be
sed differently, the farmer will respond by cultivating intensive
rocessing crops as close as possible to the farm building. On the
ther hand, grass is an important crop in this context. Cultivat-
ng grass is relatively machine intensive and therefore seems to be
ore suited for the farm building’s direct environment. The cul-
ivation of maize and other arable farmed fodder crops requires
ess logistical movements and often seems, in practice, to be cul-
ivated on parcels that are at a distance. However, research in the
etherlands is lacking in this area, so it is difﬁcult to draw conclu-
ions for this area. For Canada, though, De Garis de Lisle [31] has
ointed out this effect for 55 fragmented Manitoba grain farms with
 mean size of 200 ha.
To reduce distances, the concentration of plots is extremely
mportant from both an agricultural and a trafﬁc perspective. Con-
entrating plots through plot exchange can contribute to reducing
he number of tractor kilometers and subsequently to limiting hin-
rances. However, plot concentration cannot make amends for
verything, as proven from a comparison of the number of trac-
or kilometers on public roads in COW and COW+ models. For this
eason, agro-logistical innovations at the polder level are needed,
ertainly for land-based agriculture. Different options are currently
eing explored in this context, such as mobilizing the milking pro-
ess (e.g., robots), laying manure pipelines from the farmyard tol of Life Sciences 64– 65 (2013) 67– 75 73
manure basins in the middle of the plot, and fertilizing with a drag-
hose. Cows in the ﬁeld, larger transport wagons, transport with
trucks instead of tractors and the cultivation of crops with a higher
nutritional value per volume unit can also contribute to limiting
internal agricultural trafﬁc. In the model calculation, we  assume
tractors are used for internal trafﬁc. However, internal trafﬁc could
also partially be done with trucks so that a number of trips with
tractors could be replaced by a smaller number of trips with larger
trucks. Currently, the maize harvest is done by truck from the land
to the farm building as is manure transport over large distances. It
is then a small step to expand truck usage to other farm activities.
It is plausible that the effect of more tractor kilometers on the
public roads as the result of enlargement of physical and opera-
tional size has recently been overshadowed by the enlargement of
tractors and machines. Agricultural tractors for dairy farmers are
now about 60 kW,  on average, while 25 years ago they were about
45 kW.  The manure wagons have also become much larger from
about 4 m3 25 years ago to as large as 15–20 m3 today (P. Galama,
Animal Science Group, personal communication). In the meantime,
however, the physical and legal limits for further enlargement seem
to be in sight. With regard to physical limits, many rural roads are
too narrow for these large machines and handbooks on road plan-
ning show their verges have only limited carrying-capacity [32,33].
This applies not only to the Netherlands, where more than half of
the country roads are narrower than 4 m and frequently have weak
sub-soils, but also to other European countries, like Lithuania [34].
Even in the USA, “narrow shoulders” are reported in relation to farm
trafﬁc [17].
With regard to legal limits, the maximum legal vehicle width
has been amply reached in the Netherlands. Trucks may not be
wider than 2.60 m,  but agricultural vehicles may be 3.00 m and even
3.50 m with a dispensation. Because a limit of 2.55 m applies in
most other European countries, critical comments on trafﬁc safety
have been made about the dimensions currently allowed in the
Netherlands [16]. It seems as if the limit for machinery enlargement
is in sight because of the legal limitations to vehicle width on public
roads and the generally narrow minor rural roads.
5.3. Agricultural vehicles and rural road safety
As a consequence of enlargement of physical and operational
size, we  found a considerable increase of vehicle kilometers trav-
eled by agricultural vehicles on public roads. This increase will
worsen the existing problems with agricultural vehicles in road
trafﬁc safety. Related to their kilometers traveled, agricultural vehi-
cles are more than proportionally involved in trafﬁc accidents
[16,35]. Contrary to the general trend of a strongly decreasing num-
ber of trafﬁc victims, the number of victims in accidents involving
agricultural vehicles has been stable in the Netherlands for more
than 20 years with a level of 15 trafﬁc kills per year [36]. While pub-
lic road safety has been identiﬁed as a primary concern for farmers
[14], it is challenging to ﬁnd solutions for these safety problems.
This stems from the fact that enlarging of physical and operational
size and consequently longer distances to ﬁeld parcels is a continu-
ing process that competes “with urban and rural trafﬁc for the same
public road resources” (Gkritza et al. [17]: 1392).
The largest problems develop where the roads are also inten-
sively used by both agricultural and other trafﬁc, i.e., commuters,
recreation seekers, and vulnerable road users such as school-going
children, cyclists, hikers and joggers. In such cases, another loca-
tion is recommended for the central farmyard. Dairy farms that
want to grow and are located near these types of roads should be
encouraged to relocate. When the farm cannot be relocated, it is still
recommended to separate agricultural trafﬁc from other trafﬁc near
the central farm. For example, building a bicycle path for school-
age children and recreation seekers can produce positive results. It
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s thus recommended to design a plan for rural trafﬁc calming that
ncludes a plan for trafﬁc separation in each area [37,38].
.4. Dual agricultural pathway and transportation planning
Considering the production process on a larger physical and
perational size, one should not forget the dual agricultural
athway for Europe. This enlargement mainly applies to the food-
riented path of intensive agriculture and to a much lesser extent
 or not at all – to a socially oriented path that also meets non-
ood desires [11]. With many regions combining a complex mixture
f specialization and diversiﬁcation, often on neighboring farms,
hese pathways are not spatially separated [12]. Many European
eri-urban areas (large parts of Belgium, the Netherlands, Denmark,
nd the UK, the Po-plain in Italy, the western part of Germany)
re evolving into multi-functional spaces [39–41], with facilities to
rovide citizens with recreational areas, holiday parks, and small-
ize nature areas, all of which share the same space with socially
riented farms and intensive-food production areas. Consequently,
once quiet roads used by farm vehicles are now being shared with
n increasing number and variety of non-farm vehicles” (Costello
t al. [35]: 47).
From a transportation perspective, the challenge is how to facil-
tate in a multi-functional space both agriculture with its modern
quipment and need for continuous accessibility and a safe and
ttractive access for non-agricultural use, especially by vulnerable
sers such as recreational cyclists, skaters and pedestrians living
n nearby urban areas [42]. Moreover, the scope may  be widened
o include ecological impacts [43,44], impacts on the landscape
45,46] and public health impacts [47]. Further research on net-
ork design and road layout on local and regional level is needed
o avoid ‘clashes’ between agricultural and other road users in a
ulti-functional rural landscape.
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